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Abstract 
Modern LED lightning technology has many advantages and many building administrators and owners are considering 
modernization of lightning system. Modernization can be done in many ways, also using flexible and agile methods. Article 
describes  new approach of flexible management of electrical modernization with comparison to standard approach in economic 
aspects on the example of building complex modernization in Poland. Main differences and advantages of both solutions are 
discussed with focus on the waste management problem and initial investments costs, which are crucial from the point of view of 
investors considering similar modernizations. 
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1. Introduction 
Technological progress in today's world of building structures and installation is significant. Every year new 
ideas, new technologies are being developed and introduced to the construction market. This quick change is very 
visible especially in the area of electrical systems and source of light. 15 years ago LED lightning systems were not 
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present on the market, while today they are ubiquitous due to its low energy consumption and price reduction. LED 
lighting also has a longer lifetime (30000-100000 h) than traditional lighting and contains no mercury or other heavy 
metals. Together with their long lifetime and high energy efficiency, LED lighting are very environmentally friendly 
[1]. This are the most important of the reasons that many building owners and administrators are thinking of 
electrical modernization, wondering if such modernization is profitable and how it should be performed to be the 
most efficient. 
In the article there are presented general principles of flexible and agile approach that can be used in construction 
industry, illustrated with the case study connected with electrical modernization of multi-family housing in common 
area. Authors focused their work on showing differences in standard and flexible approach of management of the 
modernization consisting in replacement of traditional light solution into LED systems with motion detectors. From 
the management point of view works can be performed in two contrary ways: standard and flexible. Study showed 
that both approaches has advantages and disadvantages, and both are suitable for different kind of final users. 
Performing a modernization of electrical system can lead to significant savings of energy, and with the use of 
innovative solutions and ideas during modernization, it is possible to reduce initial costs of modernization and 
minimalize material waste, which is one of the sustainable development principles. 
1.1. Flexible and agile approach 
Flexibility is a commonly encountered quality in everyday life, of key importance for biological survival, 
however hard to define because of its extensive range of application. In building process engineering, application of 
flexibility is focused on adaptation to variable production conditions, while the main point in typical flexible 
production systems is the adaptation of production range to the market requirements [2]. According to the Upton 
flexibility can be defined as the ability to proper reaction connected with little change of efficiency in time, 
resources, costs and results [3]. Those changes and required ability to adapt can be transferred into modernization 
stage of the building, especially in terms of  electrical modernization, where adaptation is done by response in a 
proper time on changing situation (environment).  The unknown parameter in the described example is time, when 
using flexible approach, modernization can be executed. 
The next level of flexibility is agile approach, which main idea is to improve processes by taking required steps 
and appropriate use of technology to reduce the time taken to develop products and services. Agile is concerned with 
enabling organizations to respond quickly to the needs and changes, at the same time managing proper level of cost 
and quality [4]. Agile approach allows to response in adequate way for the obstacles during performing task, and it 
can be used especially in construction sector, where proper decisions are crucial for whole process of erecting 
structures. 
Agile approach can be used in some areas together with lean manufacturing, which is a strategy achieving the 
shortest possible cycle time. Idea of Lean Manufacturing is based on Toyota Production System. It aims to increase 
value-added work by eliminating waste and unnecessary process steps, reducing inventory, reducing product 
development time, and increasing customer responsiveness while providing high-quality products as economically 
and efficiently as possible [5]. Technique is broadly used in many types of production, and recently it has been 
transferred successfully to the construction sector. Construction site operation is similar to the factory and building 
erection process can be improved in analogous way. 
Agile approach is connected with waste eliminating. By waste, mainly the unnecessary time wasted during the 
construction process can be considered. In terms of modernization, there is a need to focus more on the real waste 
management problem. During typical electrical modernization with old system elements being uninstalled to renew 
the installation, the huge waste amount is created. “Waste” that, in case of not taking the modernization, would 
successfully work for longer time. When reducing initial waste generation is environmentally preferable [6], new 
approaches in modernization such as described in this paper can help in process, as a result of introducing lean 
thinking philosophy that relies on identification and elimination of waste [7]. 
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2. Case Study 
For the purposes of this study the electrical modernization at common areas of a building, completed in 2009 in 
Poznan was analyzed, with living area of 2 521 m2 and garage area of 1205 m2 . The facility has 40 apartments and 
7 commercial areas (Figure 1). The property is fully used- all premises have owners and tenants. Method of 
modernization of this facility, described in an article, can be successfully used in a wider range of other facilities, 
where users or administrators would like to reduce the costs of use of building and maintenance. It will be more 
effective  in the situation, when object was completed several years ago. In case of these buildings, ideas of reducing 
the electricity consumption during the design and construction were not always a priority, and there were no 
appropriate technologies for energy-efficient solutions, so upgrading electric system in these cases will be most 
efficient.  
It should be noticed that the possibility of interference with electrical installations of the building depends on its 
condition, hence the correct determination of parameters of the electrical system is crucial. There is a need to be 
focused on the age and condition of systems [2] and, depending on the assessment, there should be proposed a 
suitable solution, i.e.: partial renovation, replacement of defective parts or modernization of the overall installation in 
the facility [6]. In the analyzed example electrical installation allowed for a partial upgrade of lighting system, which 
was financially attractive option and required a reduced intervention, only in areas where it was needed to make 
changes related to the replacement of defective components. 
The type of originally used lamps and lampshades in the building has been chosen by the designer in a manner 
that it was possible to introduce a flexible approach. This has enabled to perform the modernization with the 
minimum additional costs thanks to the use of relatively large sheds of original lamps, which did not have to be 
replaced during performed works. 
 
 
Fig. 1. The modernized building in Poznań [8]. 
2.1. Flexible and Standard approach in modernization 
Standard approach in the electrical modernization of lightning can be described as changing all light points in the 
object in short time, so there is a quick final effect when everything is modernized. The main drawback of this 
method is, that we have to invest at once relative huge amount of money for materials and works.  
On contrary we have type of modernization using flexible approach. The main idea of flexible approach is to 
modernize only those points of lightning, which are broken. In this way electrical system of the building is 
modernized step by step, and there is no need to have extra expenses connected with buying new lightning system at 
once. Both approaches schemes were compared, and from the Figure 2. there is easy to see that the main difference 
is fact, that installers have to wait for the proper time to improve the system. In standard approach, there is no 
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waiting time. When there is a decision to perform required works, they are done, regardless the actual condition of 
lightning points, creating in this way waste from not only broken lightning points but also working ones.  
 
 
Fig. 2. Standard and flexible approach scheme comparison. 
2.2. Works connected with flexible modernization 
In the analyzed example, 74 points of lighting in stairwells and corridors of the object, and the 13 points of light 
in the garage that were modernized. By modernizing each point in the hallways and building cages must be 
understood: 
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x Removal of the fluorescent PL-Q 4 pin of 16W power. 
x Application of luminaires of  E-14 type. 
x Installation of LED bulbs of E-14type and power of 3W. 
x Installation at 10 positions, agreed with the residents, motion sensors. 
Additionally, a regulation of lighting dusk sensors at staircases was performed to rationally use the day light. The 
method of modernizing the point of lighting in the stairwell is shown in Figure 3. 
 
 
Fig. 3. The inside view of the lighting before (left) and after (right side) modernization.  
A-fluorescent PL-Q 16W, B-starter, C-ballast, D-3W LED bulb. 
Modernization of the point in the garage consisted of: 
x Removal of two 36W fluorescent lamps on the cap G13. 
x Application of 2 luminaires of the E-14 type. 
x Installation of 2 LED bulbs of E-14 type and power of 3W each. 
 
In this part of the building two additional motion sensors and light switches were installed, as before 
modernization in the whole garage light was switched on non-stop. 
All works were carried out gradually over a period of 12 months in year 2012. Due to the limited investment 
capability of residential community and a desire to maximize the use of existing and active fluorescent tubes, the 
flexible strategy for modernizing was used on the building. Modernization was carried out by the maintenance 
services personnel, who instead of exchanging existing broken fluorescent tube into a new one, they upgraded the 
lightning point using presented earlier LED solutions. 
2.3. Costs in time analysis 
To analyze and compare total costs of modernization the following graphs were prepared. In the Figure 4. total 
monthly cost is presented, with taking into account both the electricity and modernization costs for two discussed 
approaches as well as situation with no modernization. 
There is easy to see that for the 1st month in standard approach there are the highest expenses, connected with 
buying all needed equipment, materials at once and extra modernization work costs. In the same month between 
flexible approach and no modernization option, there is only small difference.  From month 2nd to 12th  it can be 
observed that standard approach has steady level of costs – as whole system would be new and would have a 
positive impact on the cost of electricity in comparison to no modernization option. It is worth noticing that in 
flexible approach cost decrease at the same time. It is a result of step by step modernization of broken points, 
resulting in decreasing of total monthly electricity costs. 
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Fig. 4. Total monthly cost comparison. 
To present the situation after 12 months the cumulative monthly cost graph was created (Fig. 5). The graph 
includes costs of maintenance, installation and electricity for the analyzed period. Both options of no modernization 
and standard approach are a simulation based on historical data.  It is worth noticing that cumulative costs of flexible 
approach and no modernization are similar at the first month. It is visible that after 12 months modernizations gives 
positive results in comparison to no modernization option. After the modernization, total cost of flexible approach is 
higher that standard approach. This drawback is connected with the fact, that when whole installation is modernized, 
at the beginning we reach 100% savings in short time. This phenomenon was illustrated on Figure 6. 
 
 
Fig. 5. Cumulative monthly cost comparison. 
As mentioned earlier in standard approach 100% of possible savings are reached in very short time, as all point 
are modernized at once. In flexible approach, only those points are modernized, which are broken in specific time. 
For analyzed example, it took 12 months to modernize installation, so assumed level of savings was reached long 
time after actual decision of taking the modernization.  
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Fig. 6. Electricity savings comparison. 
2.4. Flexible and standard approach to modernization comparison 
For better understanding of two described approaches authors created short table with the most important, in 
authors opinions, categories providing wider look on the analyzed case. 
     Table 1. Standard and flexible approach comparison. 
Type of modernization Standard Flexible 
Cost of modernization High at the beginning Equally spread over the period of 
modernization  
Savings High from the beginning Step-by-step rise  
Future maintenance Harder - there is high probability that 
system will brake "at once" creating 
more work load for technician at the 
same time; 
Whole system installed in month 1 - in 
month 12 system operates for 12 
month already 
Easier - system brakes down one by 
one, not at the same time - workload 
for technician is equally spread over 
time; 
Longer system maintenance 
intervals(last new bulb installed in 
month 12) 
Waste 
Huge waste (working lighting point 
uninstalled during modernization) 
No waste (only broken  lighting point 
uninstalled during modernization) 
Difficulties for residents 
Relatively big – whole process is done 
at once. 
Relatively small – not much more 
than standard maintenance difficulties 
Need to hire additional 
people 
Yes No, maintenance service can perform 
modernization team 
 
Both cost of modernization and savings were discussed in point 2.3 in details and showed on graphs. In terms of 
maintenance there is a need to mention two things: future maintenance method and maintenance interval. For the 
standard approach, future maintenance could be more difficult, as when installation of the new system is done at 
once, there is expected that all points will be broken at the similar moment in the future, assuming that their quality 
is the same. This could generate extra maintenance cost connected with exchanging light bulbs in the building in a 
short time. There is estimated 24-month maintenance interval for the LED systems, as producer guarantees it. For 
the flexible approach there will be no problem with work-overload at the specific time in the future, as 
modernization as done step by step, and the expected breakdown will be equally distributed thorough a year, 
assuming that LED bulbs are similar.  
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As it goes with waste management in standard approach 90% of reinstalled electrical system is expected to be still 
work at the moment of modernization. This creates electronic waste, which could still operate at the building, but as 
those components are used for some time, it is almost impossible to install them elsewhere. On the other hand we 
have flexible method, where only those points of lightning are exchanged, which are broken. In this way waste from 
uninstalling lightning system is a real waste that cannot be used elsewhere, as it is broken.  
Standard modernization is connected with the huge workload in a short period, as in analyzed example 100% of 
lightning points needed to be modernized. This can cause some difficulties for residents, connected with noise, 
workers etc.  In the flexible approach residents will hardly ever know, that the modernization took place, as work is 
done by the maintenance service. Total time needed to exchange broken old system bulb to working one is similar to 
modernization of the lightning point. In this way residents can hardly noticed the process of modernization. 
In the standard approach there is a need to hire extra crew to perform modernization in short time, whereas in 
flexible approach work is done by the maintenance, so there also some savings connected with not hiring extra 
people. The workload in flexible approach, in analyzed case, was almost equally distributed along the year, so all 
works was successfully performed within maintenance time using maintenance resources. 
3. Conclusions 
Performed analysis of the case study on modernization of electrical installation in the building in Poland and 
comparison of new flexible approach to standard one in executing works led authors to the concussion that Lean  and 
agile postulates introduced in modernization management model can result in positive economic situation for 
investors considering electrical modernization. From the comparison of two presented approaches it can be also 
concluded that: 
 
x Total cost including electricity for flexible approach is higher than for standard approach. 
x Flexible approach allows to start modernization with the minimum budget – there is no need to have special extra 
funds for modernization. 
x With flexible approach savings are rising with each point of lightning being modernized reaching 100% of saving 
with the last modernized point. 
x Flexible approach modernization can be invisible for residents – there is no need to have extra expenses and 
modernization is done by maintenance. 
x Future maintenance for technicians is easier in flexible approach – with the relatively equally distribution of 
workload each month. 
x Less waste is created in flexible approach – electronic waste is real broken waste. 
x Led technology is worth introducing, regardless the approach chosen – savings in electricity are noticeable. 
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